The intestine of marine fish plays a crucial role in ion homeostasis by selective processing of 2 ingested fluid. Although arginine vasotocin (AVT) is suggested to play a role in ion 3 regulation in fish, its action in the intestine has not been demonstrated. Thus, the present study 4 investigated in vitro the putative role of AVT in intestinal ion transport in the sea bream 5 (Sparus aurata). A cDNA encoding part of an AVT receptor was isolated and phylogenetic 6 analysis revealed it clustered with the V1a2-type receptor clade. V1a2 transcripts were 7 expressed throughout the gastrointestinal tract, from esophagus to rectum, and were most 8 abundant in the rectum regardless of long-term exposure to external salinities of 12, 35 or 55 
INTRODUCTION 26
The intestine of marine fish plays a key role in ion regulation. The ionic disequilibrium of 27 marine fish with their surrounding environment requires high rates of water ingestion 28 (drinking) as part of the osmoregulatory process to compensate the dehydrating effect of 29 seawater in the gills (Evans et al., 2005) . In this context, ion assimilation from the ingested 30 fluid is required to drive water absorption, making the role of the intestine vital to maintain 31 extracellular homeostasis. Water absorption seems to rely on Cl -uptake, which is mediated by 32 an apical Na + /K + /2Cl are described in mammals and retain a specific and well-established tissue distribution, e. g. 46 the AVPR type V1a, is associated with vascular smooth muscle; the AVPR V1b, is in 47 pituitary corticotrophs; and the AVPR V2 is in the kidney and linked to renal hydrosmotic 48 actions (Mahlmann et al., 1994; Warne, 2001 ). In contrast, AVTRs in teleost fish have a 49 broader tissue distribution. Thus, AVTR V1 or V2 subtypes have been described in the 50 central nervous system and in tissues such as gill, kidney, gonads or the gastrointestinal tract 51 (Konno et al., 2009; Lema, 2010) . 52
It seems likely that the prevailing action of the AVT/AVP system is directed to preservation 53 of blood volume and osmolality (Warne et al., 2002) . Thus, AVP stimulates for instance 54 tubular Na + transport by activation of Na + channels present in the apical membranes of the 55 kidney tubule (Mordasini et al., 2005; Schafer et al., 1990 ). Yet, in other epithelia, such as the 56 bronchial epithelium, AVP stimulates Cl -(and the resulting fluid) secretion via an NPPB-57 sensitive, likely CFTR dependent mechanism (Bernard et al., 2005 
Cloning of AVT Receptor 111
For cloning of the AVT Receptor degenerate primers were designed (Table I) Real-time qPCR amplifications were performed in duplicate in a final volume of 10 l with 5 145 l SsoFast EvaGreen Supermix (Bio-Rad, Hercules, CA, USA) as the reporter dye, 200 ng 146 cDNA, and 0.5 pM of each forward and reverse primers. Amplifications were performed in 147 96-well plates using the One-step Plus sequence detection system (Applied Biosystems, 148
Foster City, CA, USA) with the following protocol: denaturation and enzyme activation step 149 at 95°C for 2 min, followed by 40 cycles of 95°C for 5 sec and 60°C for 10 sec. After the 150 amplification phase, a temperature-determining dissociation step was carried out at 65°C for 151 15 s, and 95°C for 15 s. For normalization of cDNA loading, all samples were run in parallel 152 using 18S ribosomal RNA (18S). To estimate efficiencies, a standard curve was generated for 153 each primer pair from 10-fold serial dilutions (from 10 to 0.001 ng) of a pool of first-stranded 154 cDNA template from all samples. Standard curves represented the cycle threshold value as a 155 function of the logarithm of the number of copies generated, defined arbitrarily as one copy 156 for the most diluted standard. All calibration curves exhibited correlation coefficients 157 with significantly lower expression levels at 12 p.p.pt. (Figure 3 ). In addition, the transcript 211 abundance of AVTR V1a2 was significantly higher in the rectum compared to the anterior 212 intestine at all salinities. 213
214

AVT intestinal electrophysiology 215
Basal values of short circuit current (Isc, mA/cm 2 ) and tissue resistance (Rt, Ω.cm 2 ) are 216 shown in Table II . Positive Isc recorded show secretory currents while absorptive currents are 217
shown by negative values. Control preparations sustained constant Isc and Rt for the duration 218 of the experimental periods (up to 3.5 hours). In general the effects of salinity followed the 219 pattern previously described for the sea bream intestine (Gregorio et al., 2013). In the anterior 220 intestine a small absorptive current was observed in fish at 35 and 55 p.p.t., while at 12 p.p.t. 221 a secretory current was recorded (Table 2 ). In contrast the rectum of fish acclimated to 35 and 222 55 p.p.t. showed a secretory current, which in low salinity adapted fish was highly variable 223 but averaged a small absorptive current. 224
The basolateral application of 10 -6 M AVT to preparations of anterior intestine and rectum 225 from fish at 55, 35 and 12 p.p.t did not affect tissue resistance (Rt, data not shown). In 226 contrast, AVT evoked a rapid stimulatory action on Isc, (Figure 4 ) in the absorptive direction 227 in all intestinal regions (the current became either more negative or less positive). The effects 228 of AVT on Isc were rapid, with an onset between 3-5 min of application and reached maximal 229 effects within 25-30 min after application ( Figure 4A) . Interestingly, the effect of AVT in the 230 anterior intestine was higher in fish adapted to 12 p.p.t., while in the rectum it was higher in 231 fish adapted to 55 p.p.t. 232
To test whether AVT effects on Isc conform to a typical dose-response curve AVT (10 -10 -233
10
-6 M) was sequentially applied to rectal tissue of fish adapted to 55 p.p.
t. (as the highest 234
responder to AVT). The dose-response effects of AVT on Isc were linear, with no apparent 235 plateau, and a threshold with significant effects occurred at concentrations of 10 -8 M AVT 236
with Isc decreases of -6.2 μA/cm 2 and a maximal effect of -13.2 μA/cm 2 was achieved with 237
-6 M AVT. 238
Higher responses to AVT were obtained in tissues with a positive short circuit current 239 presumably secretory (Table 2) . To test the dependence of these currents on a putative CFTR, 240 Furthermore, expression of AVT V1a2 is high in the esophagus, and there is an apparent 281 antero-posterior increase from pyloric caeca to rectum, where it is expressed at the highest 282 level (Figure 2) . Additionally, salinity seems to act as regulatory trigger for AVT receptor 283 expression in the Amargosa River pupfish (Lema, 2010) , although, the only receptor that 284 seems to sustain higher branchial expression in response to salinity is the V1a2-subtype, at 285 least at 20 h post challenge (Lema, 2010) . In the sea bream, we show that a long-term 286 challenge with varying external salinity impacts the expression of V1a2-type AVT receptor in 287 the intestine (Figure 3) . It is tempting to suggest that the regionalization and transcriptional 288 response to salinity of the V1a2-type AVT receptor are both related to functional specificity 289 in ion regulation of discrete regions of the intestine in sea bream as has previously been 290
described (Gregorio et al., 2013). 291
The intestine of fish maintains both absorptive and secretory pathways. 
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